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(54) MOTOR DRIVING CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform high-speed switching while 
preventing kick back. 

SOLUTION: A p-channel transistor 26 for drawing charge is 
connected to the gate of a sink-side n-channel transistor 10b. Drive 
signals of the transistor 10b are supplied to the gate of the transistor 
10b via two inverters 24. 20. and the input signals of the inverters 24 
are fed to the gate of the transistor 26. With this structure, when the 
transistor 10b is turned off. the transistor 26 is turned on, and a 
voltage at the gate of the transistor 10b drops from a voltage at its 
on' time at high speed. Also, the transistor 26 is turned off 
automatically when the gate of the transistor 1 0b reaches the voltage 
at which it is actually turned off. Therefore, characteristics at the 
actual turning-off time can be separately adjusted. 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the on-ofF control of the transistor which 
constitutes the motor drive circuit which controls the drive current to a motor coil, especially a 
circuit. 
[0002] 

[Description of the Prior Art] Conventionally, the electric motor is used for various kinds of 
actuation in the camera. For example, the motor is used also for rolling up of a film besides the 
drive of a shutter, an automatic focus (AF), a film, and a diaphragm with the usual camera. 
Moreover, an actuator may be used for the lens for blurring prevention at migration. Thus, 
although two or more motors are used for the digital camera, according to the £q)plication, a 
voice coil motor, a stepping motor, an ultrasonic motor, etc. are used. 

[0003] Moreover, although these motors control the supply current to a motor and that actuation 
is controlled, a transistor is used for this control and especially PWM (Pulse Density 
Modulation) control is used for it. 

[0004] By this PWM control, generating of the noise can be prevented by being able to improve 
that precision and carrying out a fi:'equency by going up that carrier fi-equency, more than a audio 
range. On the other hand, by the bipolar transistor, although high-speed turning on and off is 
impossible, on>off control action of a transistor can be made into a high speed by using an MOS 
transistor as a transistor. 

[0005] Therefore, an MOS transistor can be used for Motor Driver and highly precise and high- 
speed motorised control can be attained by carrying out PWM control of this MOS transistor. 
[0006] 

[Problem(s) to be Solved by the Invention] However, when a motor is driven by energizing in a 
motor coil and an MOS transistor is tumed on and off at high speed, the energization current of 
the coil which exists previously will be tumed on and off at high speed. If the current about an L 
component like a coil is changed to a high speed, the kickback according to it will arise, and 
there is a problem that the high voltage occurs in the output terminal of IC by this. 
[0007] What is necessary is for that just to dull switching of an MOS transistor. However, if 
switching is dulled, not only stopping being able to make control fi-equency high but possibility 
that a penetration current will flow so much will become high. That is, to a motor coil, a current 
is supplied firom a source side transistor, and if turning on and off of a transistor which draws out 
a current fi*om a sink side transistor is dulled, the probability which both a source side and a sink 
side transistor turn on will become high. When a carrier frequency is high and it is going to avoid 
the high voltage by the kickback especially, it becomes impossible to avoid generating of a 
penetration current. 

[0008] It aims at offering the motor drive circuit which can decrease in number the effect of a 
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kickback effectively, this invention being made in view of the above-mentioned technical 
problem, and preventing generating of a penetration current. 

[0009] 

[Means for Solving the Problem] This invention is the motor drive circuit which has two output 
transistors, the source side by which serial arrangement was carried out between the power 
source and the gland, and a sink side, connects the node of these two output transistors to the end 
of a motor coil, and controls a motorised current, connects the control transistor by which the 
other end was connected to the gate of said sink side output transistor in a gland, and tums on 
this control transistor with the signal which tums off said sink side output transistor. 
[0010] Thus, according to this invention, in case a sink side output transistor is turned off, the 
control transistor which coimects the gate and gland is txmied on. Then, the charge accumulated 
in the sink side output transistor at the parasitic capacitance between the gate and a gland 
discharges with this control transistor. 

[001 1] This invention has two n channel transistors, the source side by which serial arrangement 
was carried out between the power source and the gland, and a sink side. It is the motor drive 
circuit which connects the node of these two n channel transistors to the end of a motor coil, and 
controls a motorised current. The p channel transistor by which the other end was connected to 
the gate of said sink side n channel transistor in the gland is connected, and it is characterized by 
tuming on this p channel transistor with the signal which tums off said sink side n chaimel 
transistor. 

[0012] Thus, according to this invention, in case a sink side n channel transistor is turned off, the 
p channel transistor which connects the gate and gland is turned on. Then, the charge 
accumulated in the sink side n channel transistor at the parasitic capacitance between the gate 
and a gland discharges with this p channel transistor. And the potential difference with the self 
gate is lost and this p channel transistor is turned off, when sink side n channel transistor gate 
potential becomes low. Then, OFF by the speed set up beforehand is performed in the actuation 
which tums off a sink side n channel transistor. High-speed OFF can be attained preventing 
generating of the kickback by which it is accompanied off [ a sink side n channel transistor ] by 
this. Moreover, since the drawing of a charge with a p channel transistor is high-speed, the time 
amount required off [ a sink side n channel transistor ] is not dependent on change of supply 
voltage, and controlling so that a penetration current does not arise becomes easy. 
[0013] Moreover, it is more suitable than said supply voltage to have the resistance for current 
adjustment arranged between the high-voltage power source of the high voltage, the inverter 
which consists of the P channel transistor and n channel transistor by which serial arrangement 
was carried out between glands, and is driven with the control signal to the gate of said sink side 
n channel transistor, and the gate of said sink side n channel transistor and said inverter. 
[0014] Moreover, it is suitable for said p channel transistor to turn off, before said sink side n 
channel transistor tums off. 
[0015] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained 
based on a drawing. Drawing 1 is drawing showing the configuration of the motor drive circuit 
concerning an operation gestalt. 

[0016] Between the power source VM (for example, 6V) and Gland GND, source side n chaimel 
transistor (source side transistor) 10a, the series connection of sink side n channel transistor (sink 
side transistor) 10b, source side n channel transistor (source side transistor) 12a, the series 
connection of sink side n channel transistor (sink side transistor) 12b, and ** are arranged. And 
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the motor coil 14 is connected between source side transistor 10a, the midpoint of sink side 
transistor 10b, source side transistor 12a, and the midpoint of sink side transistor 12b. 
[0017] Therefore, a current flows towards the right in drawing in the motor coil 14 by source 
side transistor 10a and tuming on sink side transistor 12b, and a current flows towards the left in 
drawing in the motor coil 14 by source side transistor 12a and tuming on sink side transistor 10b. 
[0018] A motor is a voice coil motor and can control migration of a driven object (for example, 
magnet) by this example by control of the energization to 1 motor coil 14. Especially, with this 
operation gestalt, PWM control which tums each transistor on and off by predetermined duty 
ratio is performed. For example, a carrier frequency sets to about 64kHz, and makes precision of 
duty ratio 8 bits (256 division). And it does in this way and each transistor is turned on and off 
with the signal which set up duty ratio. 

[0019] With this voice coil motor, duty ratio is made into 50% and a driven object is suspended 
by performing ON of source side transistor 10a and sink side transistor 12b, and ON of source 
side transistor 12a and sink side transistor 10b by tums. And a driven object is moved according 
to duty ratio by shifting duty ratio. 

[0020] An PWM signal is supplied to the gate of source side transistor 10a through an inverter 
16. Li addition, the PWM drive signal and the PWM signal of opposition which are supplied to 
the gate of source side transistor 10a are supplied to the gate of source side transistor 12a. 
[0021] In addition, an inverter 16 consists of a series connection of p channel transistor 16a by 
the side of a power source, and n channel transistor 16b by the side of a gland, and the power 
source to which p channel transistor 16a is connected is the power source VG with a high 
electrical potential difference from the above-mentioned power source VM. since this power 
source VG tums on n channel transistor 10a ~ a power source VM — 3.5 ~ it is set as about [ 
high / about V ] 9.5V. And it is inputted into the gate of an input signal and the output from the 
midpoint of p channel transistor 16a and n channel transistor 16b is supplied to the gate of source 
side transistor 10a. 

[0022] The inverter 20 is connected to the gate of sink side transistor 10b through resistance 18. 
This inverter 20 consists of p channel transistor 20a and n channel transistor 20b, and the p 
channel transistor 20 is connected to the power source VG. And insertion arrangement of the 
resistance 22 is carried out between a midpoint and n channel transistor 20b. 
[0023] And the output of an inverter 24 is connected to the gate of p channel transistor 20a of 
this inverter 20, and n chaimel transistor 20b. This inverter 24 is also a power source VG and p 
channel transistor 24a arranged between glands from the series connection of n channel transistor 
24b, and an PWM drive signal is supplied for the node of both transistors to the gate of an output 
and both transistors. 

[0024] And the PWM [ by which the other end was connected to the gland ] signal by which it 
draws out, the p business transistor (transistor for drawing) 26 is connected, and the input to an 
inverter 24 is supplied to the gate of this transistor 26 for drawing is supplied at the output of an 
inverter 20. 

[0025] In addition, although illustration was omitted, the same circuit as an inverter 16 is 
connected to the gate of source side transistor 12a, and the same circuit as inverters 20 and 24 
and a transistor 26 is connected to it at the gate of sink side transistor 12b. 

[0026] Next, actuation of the circuit of this operation gestalt is explained. First, the signal which 
opts for actuation of a voice coil is outputted from the control device (for example, CPU) for 
controlling actuation by the whole digital camera. If CPU has the output port of PWM, an PWM 
signal (the 1st and 2nd PWM signal) will be outputted from here. CPU determines the duty ratio 
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of this PWM signal based on various signals. 

[0027] The 1st PWM signal is supplied to the gate of transistor 10b through inverters 24 and 20 
while it is supplied to the gate of transistor 10a through an inverter 16. Therefore, Transistors 10a 
and 10b are driven by opposition. 

[0028] Here, if transistor 10b is turned off rapidly, in connection with the current which flows in 
the motor coil 14 being intercepted, the so-called kickback will arise and the electrical potential 
difference of the edge (midpoint of Transistors 10a and 10b) of the motor coil 14 will rise. And a 
power source VM goes up with the parasitism diode formed in this transistor 10a by standing in 
a row, and the electrical potential difference more than pressure-proofing may be impressed to 
various members. 

[0029] Of course, although the capacitor CI for regeneration is arranged on the latest of VM 
terminal, when kickback energy is strong, the rise of VM may occur. 

[0030] So, with this operation gestalt, it has resistance 22 and this is adjusting change of the gate 
potential of transistor 10b. That is, parasitic capacitance is formed between glands at the gate of 
transistor 10b. In the ON state of transistor 10b, the gate goes up even on the electrical potential 
difference of a power source VG, and parasitic capacitance is charged with this electrical 
potential difference. And transistor 20b of an inverter 20 can become ON, and the magnitude of 
resistance 22 can adjust extent in case the gate potential of transistor 10b descends. Then, by 
adjustment of the magnitude of resistance 22, the changing speed to the OFF from ON of 
transistor 10b can be set as a suitable thing, and the bad influence of an above-mentioned 
kickback can be prevented. 

[003 1] However, the gate potential of transistor 10b is rising in between to supply voltage VG as 
mentioned above. Therefore, although it falls to the electrical potential difference Ve (threshold) 
until transistor 10b tums off from this supply voltage VG (for example, 9.5 V), it will take most 
time amount. That is, as a broken line shows to drawing 2 , it is from supply voltage VG. Before 
turning off 10b, it will take time amount remarkable. 

[0032] On the other hand, transistor 10b begins to be turned off for the first time, when gate 
voltage becomes or less about 3V. Therefore, what is necessary is to turn off transistor 10b 
slowly, and just to turn off a kickback slowly from 3.5V, in order to decrease. 
[0033] With this operation gestalt, it has the transistor 26. And the 1st PWM signal is suppUed to 
the gate of this transistor 26 as it is. Then, when transistor 10b is turned on, the transistor 26 is 
off, but since transistor 10b is txrnied off, when the 1st PWM signal is set to L, it is tumed on 
immediately. By this, a current flows from the gate of transistor 10b to a gland through a 
transistor 26, and the gate of transistor 10b falls promptly. And if the gate potential of transistor 
10b becomes or less about 4V, the gate of a transistor 26 and the potential difference of a drain 
will become less enough, and a transistor 26 will become off. 

[0034] Therefore, as a continuous line shows to drawing 2 , when the gate potential of transistor 
10b falls at a high speed by ON of a transistor 26 at the beginning in the case of OFF of 
transistor 10b and transistor 10b is actually tumed off, at the rate set up by tiae fimction of 
resistance 22, a current flows and is txmied off. 

[0035] Moreover, the time amount to which the gate potential of transistor 10b falls to 4V with 
the configuration of this example is very a short time, and subsequent off time amount is fixed. 
Therefore, even if it changes supply voltage VG, time amount required to turn off transistor 10b 
can be maintained always almost uniformly. 

[0036] When there was no transistor 26, time amount until the gate voltage of transistor 10b is 
set to 4V was greatly influenced of supply voltage VG, therefore the OFF time amount of 
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transistor 10b was changed by fluctuation of supply voltage VG, and this fluctuation had to be 
taken into consideration to various processings. However, according to this operation gestalt, 
such a problem is solvable. Therefore, since an MOS transistor can be turned off gently, 
generating of a superfluous kick-up electrical potential difference is suppressed, and high-speed 
PWM control is attained. 

[0037] Although it explained that Transistors 10a and 10b drove by the signal of opposition 
completely by above-mentioned explanation, now in the off time amount of transistor 10b, a 
penetration current occurs. So, when the delay corresponding to off time amoiuit is added to the 
PWM signal to the gate of source side transistor 10a and transistor 10b tums on, it is suitable to 
add a circuit which transistor 10a tums off. A delay circuit can consist of series connection of the 
inverter of a suitable number. Moreover, the input signal to an inverter 16 is inputted through an 
OR gate, and when the gate of transistor 10b is H level, it can constitute from connecting the gate 
of transistor 10b to other input edges of this OR gate so that transistor 10a may not be turned on. 
[0038] Although above-mentioned explanation indicated only Transistors 10a and 10b, the same 
is said of Transistors 12a and 12b. 

[0039] Furthermore, in an above-mentioned example, although the voice coil motor was 
explained, in a stepping motor, a DC motor with a brush, etc., it is applicable similarly. In this 
case, the number of coils increases and the niunber of a source side transistor and sink side 
transistors increases corresponding to it. 

[0040] Moreover, in the above-mentioned example, although the transistor 26 for drawing was 
not formed about the source side transistors 10a and 12a, the transistor for drawing may be 
prepared as the same drive circuitry as the sink side transistors 10b and 12b. 
[0041] 

[Effect of the Invention] As explained above, in case a sink side n channel transistor is turned 
off, according to this invention, the p channel transistor which connects the gate and gland is 
turned on. Then, the charge accumulated in the parasitic capacitance between the gate and a 
gland is drawn out by the sink side n channel transistor with this p channel transistor. And the 
potential difference with the self gate is lost and this p channel transistor is turned off, when sink 
side n chaxmel transistor gate potential becomes low. Then, OFF by the speed set up beforehand 
is performed in the actuation which tums off a sink side n chaimel transistor. High-speed OFF 
can be attained preventing generating of the superfluous kickback by which it is accompanied off 
[ a sink side n channel transistor ] by this. Moreover, since the drawing of a charge with a p 
channel transistor is high-speed, the time amount required off [ a sink side n channel transistor ] 
is not dependent on change of supply voltage, and controlling so that a penetration current does 
not arise becomes easy. 



CLAIMS 



[Claim(s)] 

[Claim 1] The motor drive circuit which has two output transistors, the source side by which 
serial arrangement was carried out between the power source and the gland, and a sink side, 
cotmects the control transistor which is the motor drive circuit which cotmects the node of these 
two output transistors to the end of a motor coil, and controls a motorised current, and by which 
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the other end was connected to the gate of said sink side output transistor in a gland, and turns on 
this control transistor with the signal which turns off said sink side output transistor. 
[Claim 2] It has two n channel transistors, the source side by which serial arrangement was 
carried out between the power source and the gland, and a sink side. It is the motor drive circuit 
which connects the node of these two n channel transistors to the end of a motor coil, and 
controls a motorised current. The motor drive circuit which connects the p chaimel transistor by 
which the other end was connected to the gate of said sink side n channel transistor in the gland, 
and turns on this p channel transistor with the signal which tums off said sink side n channel 
transistor. 

[Claim 3] The motor drive circuit which has the resistance for current adjustment arranged 
between the inverter which consists of a high-voltage power source of the high voltage, and the P 
channel transistor and n channel transistor by which serial arrangement was carried out between 
glands, and is driven from said supply voltage in a circuit according to claim 2 with the control 
signal to the gate of said sink side n channel transistor, and the gate of said sink side n channel 
transistor and said inverter. 

[Claim 4] It is the motor drive circuit tumed off before said sink side n channel transistor tums 
off said p channel transistor in a circuit according to claim 2 or 3. 
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